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Duration : 3 hrs. Full Marks : 70
( PART-A : Obijective )

Time : 20 min. Marks : 20
Choose the correct answer from the following: 1X20=20
1. Which one of the following is not the essential property to form the Group?

a. Closure Property b. Existence of identity element

c. Existence of inverse elements d. Commutative law

2. In path integral formalism, the fluctuation q(t) at the initial and final time (i.e. q(ti) and

q(tf)) is:
a.>0 b.<0
c.0 d. Infinite

3. Consider a set of two real numbers, 1 and -1 along with the simple binary operation
multiplication will satisfy the property of:
a. Simple Group b. Abelian group
c. Non-abelian group d. None

4. Classically and quantum mechanically how many paths are possible in between initial(xi ,
ti) and final (xf ,tf ) states respectively in path-integral formalism?
a. Only one in both cases b. Infinitely many and only one
c. Infinitely in both cases d. Only one and infinitely many

5. Consider the following options related to the symmetry operation of square,
1. 0y C4=my

2.C4 G =E

3. my C3y= oy

4. C24 C4 = C34

Which will be the correct options? (symbols have their usual meaning)
a.Only 1 b.1and 2
c.1,2and 3 d.1,2,3and 4

6. If AB = C, then which of the following condition represents the representation of the
Group? (where A, B, and C are the elements of Group and T be the collection of non-
singular square matrices )

a. T(A) T(B) = T(C) b.T(A) T(C) = T(B)
c. T(B) T(C) =T(A) d.T(A) T(B) =- T(C)

7. Which of the following represents the correct relation relating to the initial( | i>) and
final( | £>) state?

a. |f> = Exp{(-i/h)(t-t))H} | i> b. | £> = Exp{(i/h)(t-t)H} | i>
c. | £>=Exp{(-2i/h)(t-t)H} | i> d. | f> = Exp{(-i/h)(t-t;)H} | i>
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8.

10.

11.

12.

13.

14.

15.

16.

Which one of the following statement(s) is(are) related to field F,
1. F forms a Group under addition with 1 as additive identity.
2. F forms an abelian Group under addition with 1 as additive identity.
3. F forms an abelian Group under multiplication with 0 as a multiplicative identity.
4. Set of non zero elements of F forms an abelian group under addition with 1 as additive
identity.
a.Only 1 b.2and 3
c. Only 4 d.None

. Which of the following statement is correct related to Vector space V defined over field F,

1. Scalar multiplication by a with vector element A, i.e. aA belongs to V.
2. Scalar multiplication by a with vector element A, i.e. aA belongs to F.
3. Scalar elements and vector elements belong to F and V respectively.
4.a (A+B) =aA+aB belongs to V.

a.Only 1 b.Only 3
c.1,2and 3 d.1,3and 4
The following vectors are linearly ............ ,
U=(123),V=(20,-1),W=(1-11) and X = (2,1,0)
a. Dependent b.Independent
c. Bothaand b d. None
The solution of P,(x) and Q,(x) is a series of one of the following kind:
a. Both P,(x) and Q,(x) are terminating b. P,(x) is non-terminating and Q,(x)
terminating
c. Both P,(x) and Q,(x) are non- d. P,(x) is terminating and Q,(x) non-
terminating terminating
The value of Hermite polynomial H>(x) is:
a.0 b.1
c. (4x2-2) d. (8x3- 12x)
The recurrence formula for Bessel function of the form is equal to:
a. y" f ! b. x fn"
C. x n—1 d.x n _Iir n—1
In Volterra integral equation, at least one limit of the range of integration is...........
a. Constant b. Variable
c. Unity d. Undefined

Which of the following functions is oscillatory in nature and with a decreasing amplitude
and varying time period?

a. Hermite function b. Bessel's function
c. Legendre's polynomial d. Both Bessel's function and Legendre's
polynomial

The orthogonahty condition of Hermite polynom1a1 for (m s given by:

a. b.
f H, GOH, () e dx = 0 [ o () @ () ddx = 0

c. ¥= 2 d. += 2
[ o () @y (e~ dx = 0 f H, G)H, () e dx = 0
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17. The recurrence formula for Bessel function of the form is equal to:

a.x"f, L2 e
¢ x" iz dx®Jy_y
18. The =gﬂenerating function of Laguerre polynomial ;s
a. Z Ly (x) o b.z Ly (x) .
~ n(n — 1)! ] n(n+1)!
c.i L,(x) o d.i L, (x) .
= ™ L (n—1)!

19. By using the recurrence formula of Legendre polynomial, state that which of the
following relation is correct?

M, L I it
/_ fﬂ Prft)Pri (o)l = PRI / PPalnlP ol = bl

c 4l y] d. 9‘(‘ |
9 mn 2 Hint
e ; f e ;rPﬂ_ ;'Pﬂ- b L’: . 4
[_ 1 1 Pyy(e)P (o) TR / ; (P PRI

20. Choose the correct option from the following:

a. (E b. d

— (", = —p ] . | —

< d ( - ] —n d h( -1 ) -1
—lr . = Jpx S CLTTS Bt |
E’f;i’! 1 n+l Iz n 1
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[ PART-B : Dgggrigtivg]
Time : 2 hrs. 40 min. Marks : 50

[ Answer question no.1 & any four (4) from the rest |

1. What is symmetry transformation? Explain ALL the equivalent symmetry 10
transformation of square. Draw the multiplication table and show that set
of ALL the symmetry operations forms a group.
(The symmetry operations are E, C4, C42, C43, my, my, 0, Ov)

2. a) Define group properties with suitable examples. Write down the 5+5=10
definition of Lorentz group.
b) Define vector space, inner product space and linear transformation
with suitable examples.

3. Explain the path-integral formalism. Derive the expression of matrix 10
element <r;..... | r¢> related to the path-integral representation.

4. Derive the path-integral for harmonic oscillator. 10
5. a) Prove that: 3+3+4=10

(@

d [ n : ] — el .
a x" Iy {x} = X jii—i{.'x}
(i)

: 4 ) 2
; :
(x =('1——) () +—= Jo(x
Iz (x) xzh'} xfu'[_}
b) Prove the orthogonality of Bessel function.

6. a) Classify the following integral equation as Fredholm or Volterra 4+3+3=10
integral equation, Linear or Non-linear and Homogenous or Non-
homogeneous. Justify your answer.

@

1 x
w(x) = Exz - J (x —t)u? ()dt, u(0) = 1;u'(0)= 0

0
(ii)
0

ulx) = x+ f Cos(x+ t)u(t)dt
(iii) -
ulx) = x*+ x*

is a solution of of the Fredholm integral
+1

ux)=x*—x*-2x+ « J xt® + x*tu(t)dt
equation -1

Find «.
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7.

8.

a) Prove that
1-—z2

- Z{jzn +1)P,(x)z"

. 3y
(1-2xz+ 2%)/2 =
b) Express the following function in Fourier-Legendre expansion.
0 ] —1=x =0
feo = L: 0=x =1

n
¢) Prove that JF n (I:]I is a coefficient of £ in the expansion of

-

Xy o2
e f2vE ;:'

a) Prove that
#1

j_  B@lx = 2

b) Obtain the integral form of Linear harmonic oscillator equation by
transformation of its differential form into homogenous Fredholm
Integral equation of second kind.

3+4+3=10

4+6=10
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